INTRODUCTION {#sec1-1}
============

Lateral displacement of the patella (LDP) is defined as one of the main causes of symptomatic patellofemoral joints.\[[@ref1]\] About 50% of patients with patellofemoral pain are diagnosed with malalignment of patella. It is typically characterized by excessive lateral translation of the patella relative to the femur and occurs near full knee extension.\[[@ref2][@ref3]\] This incongruent position of the patella can be a major component of patellar pain in adults.\[[@ref4][@ref5][@ref6]\]

Joint laxity and muscular imbalance are suggested as two main causative factors of LDP. It is suggested that muscular imbalance originates from muscular tightness and/or weakness. Some researchers proposed that the main cause originates from tightness of muscles surrounding the knee joint (especially quadriceps and/or hamstrings) and tight lateral structures.\[[@ref7][@ref8][@ref9]\] Some others believe that weakness of vastus medialis oblique is the main cause, as pain gets more sever at the later stages of knee extension.\[[@ref10][@ref11][@ref12]\]

Non-treated LDP could prove itself in forms of patellar subluxation or dislocation, chondromalacia, osteoarthritis, and/or joint deformity.\[[@ref13][@ref14]\] LDP may also lead to damage in joint capsule and surrounding soft tissues. From a kinesiologic perspective, the aforementioned damages individually or combatively may cause misperception of proprioceptive input from these structures.\[[@ref15]\] Therefore, one of the main problems of these patients is also reduction of proprioception.

A variety of invasive and conservative treatment protocols has been applied to manage patients with LDP. In general, conservative treatment regimens include exercise rehabilitation, bracing, taping, or a combination of them. There is a considerable literature that supports the use of them for treatment of LDP.\[[@ref1][@ref8][@ref16]\] But, a question remains, which treatment is more advantageous. Patellar taping as part of conservative treatment for LDP is readily used by physiotherapists. Although the exact mechanism for its success remains unknown, investigators have believed that this technique could adjust patellar position, enhance contraction of the vastus medialis oblique muscle, and hence, reduce pain.\[[@ref17]\] We excluded taping from our study, because many patients cannot accomplish an appropriate taping by themselves, nor they can readily find professional assistance for this service every day. Alternatively we preferred the use of bracing of knee which is firstly inexpensive and affordable and secondly needs a little instruction and practice. Patients often report benefits from wearing braces although these benefits need to be confirmed by investigation. Primary function of them is increasing warmth, providing compression and feeling of support to the knee. Consequently, they may limit patella movement and enhance proprioception and hence decrease pain.\[[@ref18]\] Bracing has an important advantage to exercise rehab as well. It is less time consuming and effort demanding. Nevertheless, some people still fancy exercise rehab for treatment, as they think exercise is fun and produces some extra benefits such as muscular fitness. This study compares the effects of exercise rehab and Palumbo patellar brace on muscle flexibility and strength as well as knee proprioception and pain in patients with LDP. It reserves surgical interventions for more severe or difficult cases.\[[@ref1][@ref19]\]

MATERIALS AND METHODS {#sec1-2}
=====================

This quasi-experimental study followed a randomized and repeated measures design. Twenty-two female patients between 18 to 35 years of age were recruited from physical medicine and rehabilitation clinics (Isfahan Ayatollah Kashani medical center and Al Zahra Hospital). Each patient was selected for inclusion in the study based on the presence of the hallmark signs and symptoms of lateral displacement of patella, as assessed by an experienced physical medicine specialized then the Merchant\'s X-ray view of the patellofemoral joint. Since the primary goal of this study was to compare the effects of bracing and exercise rehab on the LDP only patients with this type of abnormal patellar alignment were included in this investigation while patients with a history of patellofemoral dislocation and/or subluxation, patellofemoral osteoarthritis, bone abnormality, and surgery of meniscus and ligament history were excluded. Pre-treatment age, height, weight, body mass index (BMI), and pain duration of patients was recorded \[[Table 1](#T1){ref-type="table"}\].

###### 

Initial characteristics of two groups

![](ABR-3-165-g001)

Patients were divided into two groups by method of random selection. Prior to participation; all subjects were informed of the nature of the study and gave their written consent to participate. An institutional review board approved all procedures before testing.

Radiographic evaluation {#sec2-1}
-----------------------

To determine the patients suffering LDP, Merchant\'s X-ray view was taken. The Merchant\'s view of the patella provides valuable information concerning the location of the patella within the trochlear grove.\[[@ref20]\] For the Merchant\'s view, the knee is flexed 45°over the end of the table and the x-ray beam is inclined 30° downward \[[Figure 1a](#F1){ref-type="fig"}\]. LDP is assessed by measuring the congruence angle, which reflects the relationship of the patellar articular ridge to the intercondylar sulcus and averages approximately 6°±11° in the medial direction \[[Figure 1b](#F1){ref-type="fig"}\].\[[@ref16]\] (LDP is happened when congruence angle is in the lateral direction). The sulcus angle is formed by the highest points of the medial and lateral femoral condyles and the lowest point of the intercondylar sulcus and is approximately 138° ± 6°. A sulcus angle of \>145° is indicative of trochlear dysplasia.\[[@ref21]\] This view is used as well as to assess for patellar tilt, patellar subluxation, and trochlear dysplasia.

![(a) Merchant\'s X-ray view. (b) Patellofemoral congruence angle](ABR-3-165-g002){#F1}

The patients of bracing group (*n* = 10) did not participate in exercise but were instructed to wear the Palumbo patellar brace \[[Figure 2](#F2){ref-type="fig"}\] on the suffered knee during daily activities for 8 weeks. This specially designed brace consists of a neoprene knee cuff with an opening for the patella, a C-shaped buttress, and two movable straps used to maintain the brace in a properly fixed position.\[[@ref18]\] The appropriate size of this brace was selected for each patient. The brace was applied with the patient seated with the affected knee relaxed in a fully extended position to permit "free" movement of the patella. The cuff was placed securely around the patellofemoral joint and fastened above and below the joint via straps. Care was taken to ensure the patella was centrally located in the opening. The patella was palpated, and the C-shaped buttress that was placed in the lateral side of the patella, pushed the patella medially while the straps were applied, pulled firmly, and attached to the medial side of the brace. This created a laterally force acting on the laterally displaced patella.\[[@ref6][@ref18]\]

![Palumbo patellar brace](ABR-3-165-g003){#F2}

Patients of exercise group were given an 8-week exercise program (five sessions in per week i.e., two sessions in clinic under the supervision of the same therapist and three sessions in home). Per session was 30 minutes and included three parts: (1) Warm up (2) Special exercise for treating LDP (3) Cold down. Special exercise included strengthening and stretching exercise.\[[@ref10]\] After every 2 weeks, intensity of exercises increased. This exercise program was not fixed for all the patients. It means if one patient during the period of exercise was feeling pain, therapist decreased times and repetitions of her exercise.

Same evaluations were repeated in both groups prior to the treatment, and at the end of the 8 weeks treatment period \[[Table 2](#T2){ref-type="table"}\].

###### 

Assessment results of the groups

![](ABR-3-165-g004)

To measure pain, we used visual analogue scale (VAS). During VAS evaluation, patients were asked to score their pain severity that experienced during stair-climbing and descending on a 10 cm horizontal line with a scale between 0 and 10 (0: no pain, 10: maximum, unbearable pain).\[[@ref22]\]

To evaluation flexibility, we used Sit and Reach, Active Knee Flexion, and SLR tests.

To measurement strength of quadriceps and hamstring muscles, we administered knee flexion and extension isometric tests by an isokinetic dynamometer (Biodex System 3 Pro) that has a high validity to measurement strength.\[[@ref23][@ref24]\] In this test, the subject was seated on the dynamometer chair with the back angle of 85° from the horizontal. With using the straps on the chair, the subject was kept firmly on the chair and her knee was flexed to 45°. The subject was instructed to exert as much force as possible using an isometric contraction while extending then flexing the knee against the force-sensing arm of the dynamometer. The contraction was repeated for three trials and the trial with the maximum value was recorded.\[[@ref24]\]

Assessment through isokinetic machines is one of the best methods for determining proprioception error of joints because of their high validity.\[[@ref25]\] So to measure knee proprioception error, we assessed the precision of reproduction of knee angle by an isokinetic dynamometer (Biodex System 3 Pro). Dynamometer was adjusted in the stable angle of 90° and the seatback tilted set at 70°-85° so that the person feels comfortable.\[[@ref26]\] During testing to assess proprioception error, straps were used to fix thigh and upper body of subject. The range of knee movement was selected from 45° to 90° of knee flexion.\[[@ref27]\] Proprioception test performed unilaterally (on suffered knee) by active mode in one angle; 45°.\[[@ref28]\] After set anatomical reference, knee joint was placed in starting angle (90°). To memorize target angle, subjects were passively moved leg to the target angle (45°), hold knee at target angle for 5 seconds, and returned to starting position (90°). Then, knee joint was actively moved toward target angle. The subject was instructed to press the stop button when the memorized angle was recreated while her eyes are closed. The test was repeated for three trials and the absolute difference between the perceived angle and the target angle was calculated for each trial and the trial with the minimum value was recorded. A quiet place was selected for this test.

In this paper, descriptive statistics to represent and characterize data and inferential statistics for data analysis were used. In the descriptive statistics mean and standard deviations were used as indicators of central tendency and dispersion measurements, respectively and in inferential statistics Using SPSS 16, data was analyzed by "repeated measures ANOVA".

RESULTS {#sec1-3}
=======

Every patient included in this study had Lateral Displacement of the Patella and demonstrated by an experienced physical medicine specialized. When the physical characteristics and pain durations of both groups were compared, no statistically significant difference was found between the two groups in terms of the mean weight values, age, height and BMI, while a statistically significant difference was observed between the mean pain duration values of patients.

In assessment of pain although a statistically significant reduction was found in the pre-treatment -- post-treatment severity of pain during stair ascending and descending in both groups but there was no significant interactions between groups (*F*~(2,20)~ = 0.97 and *P* = 0.337). This means that both groups had relatively similar conditions in the pre-treatment and post-treatment and result in had the same improvement.

Total results: Both exercise rehab and brace decreased significantly pain intensity during stair ascending and descending.

There were significant interactions between groups in terms of Sit and Reach (*F*~(2,20)~ = 6.08, *P* = 0.023) and Active Knee Flexion (*F*~(2,20)~ = 6.18 and *P* = 0.022) in favor of exercise rehab group. No significant interaction was found between the groups in terms of SLR test (*F*~(2,20)~ = 0.01 and *P* = 0.923). Total results: Exercise rehab increased flexibility more than wearing the brace.

When evaluating strength of flexor and extensor muscles of knee, significant interactions in favor of exercise rehab group (*F*~(1,20)~≥6.564 and *P* ≤ 0.019) were observed. The amount of strength of flexor muscles increased 8/14 N-m in exercise group while amount this factor decreased 1/84 N-m for bracing group. Total results: Exercise rehab increased muscle strength more than wearing the brace.

For proprioception, a significant interactions was observed in favor of bracing group (*F*~(2,20)~=7.944 and *P* = 0.011). Total results: Wearing the brace increased proprioceptive ability more than exercise rehab.

DISCUSSION {#sec1-4}
==========

The aim of this study was to compare the effectiveness of exercise rehabilitation and bracing on strength and flexibility of muscles as well as proprioception and pain severity in female sufferers of LDP. No difference was found between the demographic characteristics of two groups. Therefore, it was considered that the treatment result was not affected by demographic characteristics. The results showed that exercise program significantly improved muscle flexibility while no significant improvement observed in bracing group. Flexibility restrictions of soft tissues around the knee joint are the risk factors affecting on lateral displacement of the patella. In this study, stretching exercises focused on quadriceps, hamstring, and tight lateral structures. Quadriceps is one of the muscles structures that is directly affecting on patella alignment during functional activities. Flexibility restriction of this muscle causes muscular imbalance and the result in Patella is out of its normal alignment. Another muscle affecting on the lateral displacement of patella is hamstring. Decreased flexibility in the hamstrings can increase the demand on the quadriceps during extension of the knee and increased joint forces at the patella-femoral joint.\[[@ref24]\] Tight lateral structures contribute to a lateral patella pull and result in patella displacement. Tightness in any or all of the above structures can increase stress on patellofemoral joint or alter joint mechanics contributing to an increased risk of experiencing LDP as well as pain. We conclude that stretching exercises can increase flexibility of these shorten structures and result in decrease the pain in these patients. Also it seems the reason of improvement in bracing group is reduction the stress on patellofemoral joint. Although there are no available studies in literature comparing the effects of exercise program and bracing on flexibility of muscles in sufferers LDP, it was demonstrated in some studies relationship between shortening of these muscles and PFPS. Dewhurst *P* after a 3-week static stretching program, observed Increasing flexibility of quadriceps and improvement the performance of patellofemoral joint.\[[@ref29]\] Smith *et al*., reported patellofemoral pain syndrome in young Skaters was related to decreasing in hamstring flexibility.\[[@ref30]\] Piva *et al*., recorded hamstring length in patients with patellofemoral pain syndrome was significantly shorter than the control group.\[[@ref31]\] Interestingly, this contrasts with the findings of Witvrouw *et al*., who observed no statistically significant difference in hamstring length between participants who developed PFPS and those who did not.\[[@ref32]\] Our results are in line with Piva and Smith *et al*. studies. In the study by Witvrouw *et al*., the group was younger (aged 17-21 years) than in the current study (18-35 years), so direct comparisons cannot be drawn.

We also observed significant increasing in strength of knee extensor and flexor muscles in exercise group while in bracing group strength improvement of knee extensor muscles was not significant as well as strength of knee flexor muscles decreased. The patella articulates with patellofemoral groove in the femur. Several muscles act on the patella to provide stability and keep it tracking properly. Weakness in each of these muscles may cause patellar displacement. Quad-muscle strengthening is often recommended.\[[@ref10][@ref33]\] The "quads" include the vastus medialis, vastus medialis obliquus (VMO), vastus intermedius, vastus lateralis and rectus femoris. Our study focused on vastus medialis oblique muscle. The role of the VMO among the thigh quadriceps muscle is mainly reported in the studies on the patellofemoral pain disorders, where the weakening of the VMO allows the patella to track too far laterally and causes the malalignment of the patella and abnormal lateral displacement.\[[@ref34][@ref35]\] In literature, the effect of various exercises on muscle strength was investigated on specific muscles. Some studies focus on exercises of varying hip positions, while some studies compare the effects of OKC and CKC exercises. It is commonly reported that all these exercises provide an increase in muscle strength.\[[@ref36][@ref37]\] Balci *et al*., recorded an increase in peak strength values the end of the exercise programs assigned at different hip rotation positions.\[[@ref15]\] Also they reported VMO muscle strengthening is a common treatment of lateral displacement of patella and it is used in combination with other exercises. No significant improvement in bracing group is because of while wearing the brace, the external moment occurs and stabilizes the patella to the trochlear groove and thereby the activation of the VMO decreases significantly.\[[@ref38]\] This part of our study is in line with Choi *et al*., research who speculated application of brace for long time may cause weakening of the VMO.\[[@ref34]\]

While the studies in literature discuss the effect of exercise on muscle strength in patients with LDP, its effect on proprioceptive ability has not been investigated. So we assessed and compare the effects of exercise and bracing on proprioception. In this study proprioception error significantly decreased in bracing group while reduction in exercise group was not significant. Neoprene knee cuff of brace move on the skin and lead to provoke different receptors. As well as in knee brace affecting mechanism, it was mentioned that stimulus of proprioception receptors by neoprene knee cuff increases proprioception inputs and as a result proprioception. So knee sleeves which make an appropriate stimulus or more effective pressure on the skin or under layers can improve proprioception.\[[@ref39]\] Herrington *et al*., studied efficacy of neoprene knee sleeve on 20 healthy man and recorded improvement proprioceptive ability in bracing group than control group.\[[@ref40]\] Shellock *et al*., reported that neoprene knee brace has a positive effect to correct patellar alignment.\[[@ref1]\] Powers *et al*., reported the on-track brace significantly decreased pain without sizable changes in patellar alignment.\[[@ref41]\] It seems exercising lead to improvement of nervous and muscular coordination and reinforcement of nervous system and mechanoreceptors of proprioception that all of these factors can be helpful in improvement and reinforcement of proprioception.\[[@ref42]\]

Balci *et al*., Reported that the improvement in proprioceptive senses provided by CKC exercise programs may be associated with the increase in muscle strength and the decrease in patellofemoral joint reaction strengths.\[[@ref15]\] Our results are in line with previous studies.

CONCLUSIONS {#sec1-5}
===========

This study demonstrated that both the exercise rehabilitation and patella brace improve strength and flexibility of stabilizer muscles of knee. However, exercise rehabilitation had better effects on muscle factors, whilst brace had better effects on proprioception. It is likely that better flexibility and more strength somehow reduced the stress on patellofemoral joint and it, in turn, alleviated the pain. It is also likely that relieving effects of knee brace and improvement of proprioception by it allows patients to be more physically active and it could have, more or less, effects similar to an exercise rehab program. Therefore both exercise and brace could be prescribed for patients with LDP. It seems application of the patellar brace combined with exercise might be a better treatment for patients suffered LDP because they could improve strength, flexibility and proprioception.

This article is part of thesis done by Atiye KarimzadehFini, supervised by Dr Vahid Zolaktaf and Dr Babak Vahdatpour. The authors thank the authorities of Al-Zahra and Kashani hospitals for their cooperation.

**Source of Support:** This study was supported by Physical Education and sport sciences of the University of Isfahan.

**Conflict of Interest:** None declared.
